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Abstract 
 
The role of the termini of protein sequences is often perturbed by remnant amino acids 
after the specific protease cleavage of the affinity tags and/or by the amino acids encoded by 
the plasmid at/around the restriction enzyme sites used to insert the genes. Here we describe a 
method for affinity purification of a metallonuclease with its precisely determined native 
termini. First, the gene encoding the target protein is inserted into a newly designed cloning 
site, which contains two self-eliminating BsmBI restriction enzyme sites. As a consequence, 
the engineered DNA code of Ni(II)-sensitive Ser-X-His-X motif is fused to the 3’-end of the 
inserted gene followed by the gene of an affinity tag for protein purification purpose. The 
C-terminal segment starting from Ser mentioned above is cleaved off from purified protein by 
a Ni(II)-induced protease action. The success of the purification and cleavage was confirmed 
by gel electrophoresis and mass spectrometry, while structural integrity of the purified protein 
was checked by circular dichroism spectroscopy. Our new protein expression DNA construct 
is an advantageous tool for protein purification, when the complete removal of affinity or other 
tags, without any remaining amino acid residue is essential. The described procedure can easily 
be generalized and combined with various affinity tags at the C-terminus for chromatographic 
applications. 
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Introduction 
 
Recently we reported on Ni(II)-induced site specific and sequence selective peptide 
bond hydrolysis in zinc finger metalloproteins [1]. This reaction requires an X-(Ser/Thr)-X-
His-X segment (X being any amino acid except for Cys or Pro before or after Ser/Thr) in the 
peptide or protein sequence [2–7]. The cleavage occurs at the N-terminal side of Ser or Thr 
residues and a square planar Ni(II) complex is formed at the N-terminus of the C-terminal 
cleavage product (Scheme 1). The reaction is also promoted by Cu(II) [3,11] and Pd(II) [12] 
ions. Since the required metal ions are readily available in every laboratory, this method can 
efficiently compete with the hydrolysis using specific protease enzymes.  
 
Scheme 1 – near here 
 
The pET16b cloning vector applied in our previous study [1] provided an N-terminal 
decahistidine tag and a Ni(II)-sensitive -Ser-Gly-His- sequence between the affinity tag and the 
target protein. This allowed to cleave the affinity tag with Ni(II) ions and, at the same time, a 
new putative catalytic centre (a Ni(II)ion complexed to the Ser-Gly-His- segment, so called 
ATCUN motif [13-16]) formed at the N-terminus of the zinc fingers. The remnant amino acids 
after the cleavage of the affinity tags may thus provide new functionalities, which is however, 
a rare objective of a protein purification procedure. More commonly, they may interfere with 
the folding and/or function of the protein. The Factor Xa protease recognition site sequence 
(-Ile-Glu-Gly-Arg-) encoded in pET-16b vector is followed by the His-Met amino acids 
encoded by the NdeI restriction enzyme recognition sequence, being the closest cloning site of 
choice. Consequently, the protease cleavage after the arginine residue leaves at least a His 
residue at the N-terminus of the purified protein, which may significantly affect e.g., the metal 
binding properties of the product. The size of the remaining amino acid string varies with the 
choice of the restriction enzyme sites applied for cloning. It is thus, common that specific 
proteases leave few unwanted amino acids at the termini of the target protein. Examples of the 
most frequently used proteases in affinity-based protein purification systems are collected in 
Table 1. There are also expression plasmids, which do not code protease cleavage sequences 
for affinity tag removal (last two lanes in Table 1). Nevertheless, simple affinity-based 
purification is a popular approach, since purification of the native proteins, i.e., without affinity 
tags is usually difficult and requires multistep chromatographic methods. 
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Table 1 – near here 
 
The search for ideal affinity tags and tag-removal methods is necessitated in protein 
chemistry as exemplified by recent reviews [17,20,21,25,35-41]. The peptide bond hydrolysis 
initiated by Ni(II) ions has already found application in the affinity tag removal from fusion 
proteins by Ni(II) ions [42-44]. Engineering the -(Ser/Thr)-X-His-X coding sequence at the 
3’-end of the gene of the target protein, instead of a stop codon, allows for removal of the 
C-terminal affinity tag without leaving any amino acids at the target protein [42]. This however, 
requires the 3’ modification of every target protein gene before inserting it into a plasmid. In 
the present study we have carried out the purification of a zinc-containing metallonuclease 
protein in a plasmid with a re-engineered cloning site using BsmBI restriction enzyme for 
insertion of the native protein gene between the starting atg codon and the nucleotide sequence 
encoding for the Ni(II)-cleavable X-(Ser/Thr)-X-His-X segment followed by a C-terminal 
affinity tag. We demonstrate that the Ni(II)-induced protease cleavage results in the expected 
functional protein sequence, purified in a single metal ion affinity chromatographic step.  
 
Materials and methods 
 
Strains and media 
DH5α F– Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 endA1hsdR17 (rK–, mK+) phoA 
supE44 λ–thi-1gyrA96 relA1 competent E. coli [45] was used for the cloning of the recombinant 
desired DNA and E. coli BL21(DE3) F- ompT gal [dcm] [lon] hsdSB  [46] for the expression of 
N4-NColE7 protein, a mutated non-toxic N-terminal domain of colicin E7 (NColE7). Bacteria 
were grown in LB medium containing ampicillin (100 μg/ml at final concentration) at 37 C 
[47]. 
 
Plasmid construction 
The plasmid pQE70-NColE7/Im7 [48] was kindly provided by prof. Kin-Fu Chak 
(Institute of Biochemistry, National Yang-Ming University, Taipei, Taiwan, Republic of 
China). The DNA segment, encoding the ∆N4-NColE7 sequence was modified to include 
BsmBI restriction site by PCR using this plasmid as template, DreamTaq polymerase (Thermo 
Scientific) and the oligonucleotide primers: B-DN4 – forward 
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(5’-ATTCGTCTCCATATGCCAGGGAAGGCAA-3’) and B-ColC – reverse 
(5’-ATTCGTCTCCCTGGATTTACCTCGGTGAATATCAATATG-3’). The PCR product 
was cloned into a modified pET-21a (AmpR) plasmid (Novagen), from which the existing 
BsmBI sites were knocked out, and the new BsmBI sites were introduced into the cloning 
region, followed by the SRHS sequence and the hexahistidine code through a linker sequence, 
denoted as pET-21a*-SRHS. Both the pET-21a*-SRHS plasmid and the PCR product were 
digested by BsmBI (Esp3I) restriction endonuclease (Thermo Scientific) at 37 °C for two hours. 
The enzyme was deactivated at 65 °C for 20 minutes (this step is not necessary, as the enzyme 
site is self-eliminated). The DNA fragments were ligated by T4 ligase (Thermo Scientific) at 
16 °C for one hour and at 4 °C overnight. 
The ligated pET-21a*-∆N4-SRHS plasmid was applied to transform competent E. coli 
DH5α cells for amplification. The plasmid was purified from the bacteria by EZ-spin column 
plasmid DNA kit (Bio Basic Inc., Canada), and its nucleotide sequence was verified by standard 
sequencing using a T7 forward sequencing primer: 5-TAATACGACTCACTATAGGG-3’.  
 
Protein expression and purification 
The ∆N4-NColE7-6×His protein was expressed in BL21 (DE3) E. coli cells from the 
pET-21a*-∆N4-SRHS expression plasmid by growing the bacteria firstly in 5 ml LB media 
(containing 0.1 mg/ml ampicillin) for ~ 6 h at 37 °C until the optical density reached 0.6-1. This 
preculture was transferred into 250 ml LB media (containing 0.1 mg/ml ampicillin) and further 
incubated for ~ 4 h at 37 °C. The protein expression was induced by 150 μl IPTG (200 mg/ml 
stock diluted to ~ 0.5 mM final concentration) when the optical density (OD600) reached 0.9-1 
After incubation for 3 h at 37 °C the cells were collected by centrifugation at 4 °C, 4000 × g for 
15 minutes. 0.34 g wet cells were resuspended in 10 ml 1×binding buffer containing 500 mM 
NaCl, 20 mM Tris (pH 7.9), and 5 mM imidazole. The cells were lysed by ultrasonication with 
55 % of amplitude for 5 × 30 sec using a VCX 130 PB (130 W) ultrasonic processor equipped 
with a titanium probe 129 mm length × 13 mm tip diameter and the extract was centrifuged at 
4000 × g for 35 min at 4 °C. The sample was filtered through a 0.45 µm GHP Acrodisc® GF 
25 mm Syringe Filter (Life Sciences).  
 After these preparatory steps, the ∆N4-NColE7-6×His protein was purified in batch type 
nickel-affinity chromatography. The sample was filtered and loaded onto a Novagen 
HisBind® resin, preequilibrated with 1×binding buffer. Rotated for 1 h at 4 °C. The bound 
protein was washed 4 times with 4×bed volume wash buffer (500 mM NaCl, 20 mM Tris-HCl 
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pH 7.9) containing 60 mM imidazole. After washing the resin was transferred to a cleavage 
buffer: 100 mM HEPES, pH 8.2 (500 mM NaCl). 
Protein samples obtained during the purification were analysed by standard SDS-PAGE 
gel electrophoresis using polyacrylamide gels prepared according to the protocol described in 
ref. 49. The bands were visualized by Coomassie Brilliant Blue staining. Precision Plus 
Protein™ All Blue Prestained Protein Standard (BioRad) was run for comparison in each 
electrophoresis experiment.  
 
Ni(II)-induced protein cleavage 
The purified ∆N4-NColE7-6×His protein from the previous step was incubated with 
1-4 mM Ni(II) (to assure the excess of the metal ion) in 100 mM HEPES buffer supplemented 
with Zn(II) so that a 250-1000 M final concentration of Zn2+ ions in excess of the protein 
remained in solution. The conditions of the hydrolytic experiments were set to 50 °C, pH 8.2 
based on the previous experiences [1]. All samples were prepared and then incubated for 3 days 
in a water bath. 20 µl samples were collected from reaction mixtures at given time points and 
the reactions were terminated by freezing the mixtures to –30 °C. Samples were analysed by 
polyacrylamide gel electrophoresis (Tricine-SDS-PAGE) [49].  
 
Mass spectrometric identification of the cleaved protein  
Intact protein analysis was performed on an LTQ-Orbitrap Elite (Thermo Scientific) 
mass spectrometer coupled with a TriVersa NanoMate (Advion) chip-based electrospray ion 
source. Prior to measurement, the protein sample was desalted and acidified with zip-tip buffer 
exchange by eluting into 0.1 % formic acid, 50 % acetonitrile solution. All the masses were 
measured in the Orbitrap in positive ion mode with the highest resolution (R = 240 000 at 
400 m/z). For the top-down analysis ion-trap HCD and CID fragmentations were carried out. 
Protein intact mass was determined by deconvolution using the Xtract software tool of the 
Xcalibur 2.2. (Thermo Scientific). 
 
Analysis of the purified protein with circular dichroism spectroscopy 
Circular dichroism spectra were recorded both on a Jasco J-815 spectropolarimeter and 
at the CD1 beamline of the storage ring ASTRID at the Institute for Storage Ring Facilities 
(ISA), University of Aarhus, Denmark [50,51]. Camphor-sulfonic acid served as a calibration 
material for the instrument. All spectra were recorded with 1 nm steps and a dwell time of 2 s 
per step, using 0.1-0.2 mm quartz cells (SUPRASIL, Hellma GmbH, Germany), in the 
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wavelength range of 180-260 nm. Prior to the measurements the protein solutions were dialyzed 
against 10 mM HEPES, pH 8.2 buffer. The raw spectra were baseline-corrected with the water 
spectrum.  
 
Results and discussion 
 
Design of the new cloning site 
The new plasmid (pET-21a*-SRHS) was derived from pET-21a (Novagen) plasmid. 
The modified cloning site contains a pair of BsmBI restriction sites, SRHS code, a linker 
sequence and a 6×His-tag organized according to the Scheme 2. below. The SRHS sequence in 
the expressed protein can be cleaved by Ni(II), which induces peptide-bond hydrolysis and thus, 
can be used for the removal of the His-tag. 
 
Scheme 2 – near here 
 
Purification of ∆N4-NColE7-6×His by nickel-affinity resin  
The batch purification of the ∆N4-NColE7-6×His protein was carried out as described 
in the experimental section. The protein fractions were analysed by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE). Lane 3 in Fig. 1 shows that the overexpressed 
target protein could quantitatively be solubilized in the binding buffer. The binding efficiency 
of the 6×His-tag was demonstrated by the lack of the target protein in the supernatant (Fig 1, 
lane 4) solution after the treatment with the nickel-affinity resin. All the impurities were 
removed by washing steps from the resin and a clear band on the gel close to the ~ 20 kDa size 
marker band was assigned to the ∆N4-NColE7-6×His protein – calculated molecular weight is 
17220 Da (Fig. 1).  
 
Fig. 1 – near here  
 
Cleavage of ∆N4-NColE7-6×His by nickel-induced peptide bond cleavage 
After the purification step by batch-type affinity chromatography a Ni(II)-induced 
cleavage reaction was set up directly on the protein-loaded resin. As Fig. 2A shows, a new band 
appeared on the SDS-PAGE at slightly smaller molecular mass, suggesting that the 
SRHSEFELVDKLAAALEHHHHHH C-terminal affinity tag was successfully removed.  
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Fig. 2 – near here 
 
While performing the hydrolytic reaction on the Ni(II)-affinity resin, we expected that 
the cleaved protein will appear in the soluble fraction. Nevertheless, we have found substantial 
amounts of the protein attached to the resin (Fig. 2A). Various methods have been applied to 
remove the cleaved protein form the resin, such as increasing concentration of SDS solution . 
As Fig. 2B shows, by eluting with a 0.5 % SDS only ~ 25 % of the protein could be obtained 
in the solution phase. The most successful elution was achieved by 2.5 % SDS containing buffer 
solution, while no further protein was eluted by further increased concentration of SDS.  
The resin-binding properties after the cleavage of the affinity tag will largely depend on 
the individual properties of the target protein. Here, the reason for strong binding to the resin 
might be protein aggregation and/or strong complexation of the four histidines of the native 
N4-NColE7. Thermodynamics of Ni(II) complex formation is not significantly affected by 
SDS as it was outlined earlier [52]. Because of the possible coordinative interaction, we also 
applied imidazole as a competing agent. Although no quantitative elution could be achieved by 
using imidazole in a reasonably short time, the yield was comparable to the best elution yield 
obtained with 2.5 % SDS. Pure ∆N4-NColE7 fractions were obtained in a single-step batch 
chromatographic procedure as it was reflected by the SDS-PAGE analysis (Fig. 2B). The 
detergent or imidazole containing elution buffer was then removed in a buffer exchange step 
by ultrafiltration. Efficient removal of the detergent can be achieved by diluting the solution 
below the critical micellar concentration (being ~ 0.23 % of SDS [52]) prior to ultrafiltration. 
It has to be noted that the imidazole containing buffer can also deliberate the cleaved His-tag 
from the resin, but an ultrafiltration step will remove also this small fragment.  
In case of difficult elution from the resin, as observed for ∆N4-NColE7, an alternative 
method is to perform the Ni(II)-induced cleavage in solution after the elution of the tagged 
protein. We also carried out the reaction in solution phase with the ∆N4-NColE7-6×His 
fraction, after removing the imidazole in an ultrafiltration step. In some experiments 
precipitation could be observed, possibly due to the slow hydrolysis of the metal ions under the 
applied conditions, but no or only a negligible amount of protein was found in the precipitate. 
The cleavage of the affinity tag in homogeneous phase was successful (Fig. 3). Cleavage was 
followed by a buffer exchange step including the removal of the cleaved His-tag. This could be 
achieved either on a gel filtration column or by ultrafiltration. Here, the yield was lower 
compared to the best batch-type cleavage procedure (using Amicon Ultra-0.5 mL centrifugal 
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filters with 10 kDa molecular weight cut-off), but this step can be optimized for each target 
protein. The brief summary of the purification is provided in Table 2.  
 
Fig. 3 – near here 
Table 2 – near here 
 
Verification of the specificity of the Ni(II)-induced cleavage by MS 
 The ∆N4-NColE7 is made up of 127 amino acids and its sequence is: 
PGKATGKGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFKSFDDFRKKFWEEVSK
DPELSKQFSRNNNDRMKVGKAPKTRTQDVSGKRTSFELHHEKPISQNGGVYDMDNIS
VVTPKRHIDIHRGK. The mass spectrum of the purified N4-NColE7 protein was recorded. 
The deconvoluted mass spectrum resulted in 14501.56 Da average molecular mass for the 
singly charged (MH+) intact protein (Fig. 4). This value is in a good agreement with the 
theoretically calculated protonated average mass of 14501.37 Da. 
 
Fig. 4 – near here 
 
A collision-induced dissociation (CID) and higher-energy collisional dissociation 
(HCD) was performed in order to investigate the specificity of Ni-cleavage at the C-terminus. 
The most abundant ion of intact protein at 726 m/z (z =  20) was chosen for HCD fragmentation. 
A fragment peak of 582 m/z (z = 3) was identified as the y15
+3 ion, i.e., C-terminal 
SVVTPKRHIDIHRGK fragment of the protein. In a second step, this ion was selected in the 
ion trap for further fragmentation with CID (Fig. 5). The m/z values of third-generation ions 
detected in the MS3 spectrum correspond to the expected fragments of y15
+3, thereby it gives 
clear evidence that the designed cleavage occurred at the C-terminus, without any modification 
or remaining residues, but resulting in complete removal of the hexahistidine affinity tag from 
the protein. 
 
Fig. 5 – near here 
 
Structural investigation of the purified protein in solution 
CD spectroscopy was applied to check the solution structure of the N4-NColE7 protein 
after the nickel(II)-induced cleavage and buffer exchange procedures. The recorded spectrum 
is characteristic for a folded protein including α-helical segments. The evaluation of the CD 
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spectra for the secondary structure element fractions by BeStSel program [53] yielded ~ 20 % 
α-helical content (Fig. 6). This is slightly less than it can be calculated from the crystal structure 
of a mutated N4-NColE7 in its metal ion bound form (PDB id: 3ZFK [54]) by BeStSel 
program: 29.2 % of helices; 10.4 % of β strands; 15.9 % turns and 44.4 % others, but the latter 
is a solid state structure. The obtained result, however, corresponds well to the secondary 
fractions calculated from the CD spectrum of NColE7 solution with the same program [55], 
suggesting that the folding of the protein is complete in HEPES buffer after the purification and 
solvent exchange procedures.  
 
Fig. 6 – near here 
 
The spectral intensity was also applied to determine the precise protein concentration based on 
the comparison with previous unpublished data. Accordingly, the protein yield was ~ 3.0 mg 
protein / L of the bacterial culture expressing N4-NColE7 protein. 
 
Conclusion 
 
 Affinity-based protein purification methods are indispensable to obtain large amounts 
of pure proteins in a simplified procedure as compared to the multistep chromatographic 
purification protocols often leading to a significant loss of target proteins. A number of affinity 
tags are available nowadays with suitable solid state resins for protein binding. Combination of 
tags can result in even higher selectivity and thus, higher purity [26,35,39,56,57]. 
Various methods have been elaborated to cleave and remove the affinity tags after 
getting rid of impurities. Specific protein based cleavage enzymes, however, display several 
disadvantages. Apart from their high price they may be sensitive to reaction conditions such as 
high salt concentration, buffers, temperature. Steric hindrance may also limit protease 
efficiency. Secondary site cleavages, and the removal of the protease can pose further 
difficulties. To express N-terminal affinity tags, the start codon should be moved to the 5’-end 
of the whole gene (instead of having it at the 5’-end of the target protein’s gene), while C-
terminal tags will move the stop codon from the 3’-end of the target protein gene to the 3’-end 
of the tag. Therefore, in almost all cases shorter or longer amino acids strings will remain at the 
termini of the purified protein after the enzymatic cleavage. These may disturb the folding 
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and/or the function of the target protein. Therefore, it is a topical issue to develop purification 
procedures for proteins with native sequences [33,55,58-60].  
In this work, we described a new DNA construct providing opportunity for affinity 
purification strategy of a metalloprotein with a native protein sequence, avoiding any remnant 
amino acid residues after the removal of the affinity tag, while overcoming several above listed 
disadvantages of the proteases. The one-step purification method resulted in N4-NColE7 
protein samples of high purity with an average yield of ~ 3.0 mg protein from 1 L culture 
yielding ~ 4.0 g of wet cells.  
Ni(II)-induced cleavage of the affinity tag on the resin is recommended for those 
proteins, which can be deliberated from the solid phase during the cleavage reaction. Thus, only 
one further buffer exchange step is required for the subsequent applications. Nevertheless, for 
those proteins, which are difficult to be eluted from the resin, the cleavage in solution can be 
an alternative strategy. After the hydrolytic reaction the small-sized His tag can be removed by 
ultrafiltration, while the removal of large-sized affinity tags requires a second affinity 
chromatographic step. During the cleavage in solution there is a risk of precipitation by slow 
hydrolysis of the excess metal ions needed for the reaction.  
Generally, prior to the design of the purification strategy the amino acid sequence of the 
target protein has to be checked for the presence of an X-(S/T)-X-H-X motif. Statistically, this 
segment may occur once in about every 200 amino acids, so that this sequence is more probably 
present in large proteins. Metalloproteins, which readily use histidine residues for metal ion 
binding may exhibit increased chance for including the cleavage sequence. Restrictions 
concerning the quality of the X amino acids (X should not be Cys or Pro) decrease the 
probability of occurrence of sequences suitable for Ni(II)-cleavage. Nevertheless, even proteins 
possessing a potentially cleavable sequence can be still purified with the outlined method if the 
steric requirement of flexibility within the metal ion binding part – so that the Ni(II) complex 
can not form to initiate the peptide bond cleavage – is not fulfilled. Thus, the described process 
can easily be generalized for a large number of target proteins.  
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Table 1: Examples of widely used proteases for removal of affinity tags for protein purification 
[17-34]. (GST = Glutathione-𝑆-transferase; MBP = Maltose-binding protein; CBP = 
Calmodulin-binding peptide; CBD = Chitin-binding domain.) The last two lines provide 
examples for expression systems without specific protease cleavage sites.  
 
Protease Recognition 
sequence 
Affinity Tag Tag position Vector 
example 
Factor Xa IEGR↓ 10×His-tag 
GST 
MBP 
N-terminal 
N-terminal 
N-terminal 
pET16b 
pGEX-3X 
pMAL-c2X 
Thrombin LVPR↓GS GST N-terminal pGEX-2T 
Rhinovirus 3C 
("PreScission") 
protease 
LEVLFQ↓GP GST 
S-tag 
 
 
HA tag 
 
 
c-Myc 
N-terminal 
C-terminal 
 
 
C-terminal 
 
 
C-terminal 
pGEX-6P-1 
pSF-OXB20-
COOH-3C-
STag 
pSF-OXB20-
COOH-3C-
HA 
pSF-OXB20-
COOH-3C-
CMyc 
TEV protease 
 
ENLYFQ↓G(His)7 
ENLYFQ↓G/S 
ENLYFQ↓G/S 
 
MBP 
Strep-tag 
Strep-tag 
 
C-terminal 
N-terminal 
C-terminal 
 
pDZ2087 
pASK-IBA16 
pSF-OXB20 -
COOH-TEV-
STREP 
Enterokinase (DYK)DDDDK↓ MBP 
FLAG tag 
N-terminal 
N- or C-
terminal 
pMAL-c2E 
p3xFLAG-
CMV 
Ulpl-specific 
protease  
SUMO-GG↓ SUMO tag N-terminal pSUMOUlp1 
pET SUMO 
Genenase I PGAAHY↓ MBP N-terminal pMAL-c2G 
- self-cleavable intein 
tag 
CBD C-terminal 
N-terminal 
pTXB1 
pTYB2 
- - CBP N-terminal 
 
pST50Trc1-
CBPDHFR 
- - 6×His-tag C-terminal pET21b 
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Table 2: Comparison of the N4-NColE7 protein purification strategies.    
 
Starting amount of 
the cells 
in one purification 
process 
 
0.34 g wet cells each 
Ni-affinity 
purification 
~0.45 mg pure N4-NColE7-6×His each 
Elution after the 
cleavage reaction  
0.5 % SDS: 
0.15 mg pure 
N4-NColE7 
1 M Imidazole:  
0.32 mg pure 
N4-NColE7 
1st buffer exchange for 
solution cleavage: 0.32 mg 
pure N4-NColE7 
Buffer exchange  0.05 mg pure 
N4-NColE7 
0.25 mg pure 
N4-NColE7 
0.18 mg pure N4-NColE7 
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Caption of Scheme and Figures 
(For interpretation of the references to colour in figures, the reader is referred to the web 
version of this article.) 
 
Scheme 1: The Ni(II)-initiated hydrolytic cleavage of a peptide or protein at the N-terminus of 
Ser/Thr amino acids within the X-(Ser/Thr)-X-His-X sequence. The formation of the Ni(II)-
ATCUN complex can be observed among the products. 
 
Scheme 2: The redesigned cloning site includes all the restriction enzyme recognitions sites of 
the pET-21a vector and two additionally inserted BsmBI recognition sites (the arrows pointing 
downwards show the BsmBI cleavages outside the recognition sites). Cloning the gene of the 
target protein between the two BsmBI sites allows the expression from the atg start codon 
(underlined) within the NdeI restriction site. The Ni(II)-initiated hydrolytic cleavage of the 
expressed protein at the N-terminus of the SRHS sequence will fully remove the C-terminal 
affinity tag and the linker region encoded by further restriction enzyme recognition site 
sequences. 
 
Fig. 1: SDS PAGE analysis of the batch Ni(II)-affinity purification procedure. Lane 2: 20 µl 
aliquot of the total protein fraction obtained after resuspending the pellet in 10 mL 1×binding 
buffer. Lane 3: 20 µl aliquot of the soluble protein fraction, i.e., from the supernatant after the 
centrifugation of total protein fraction. Lane 4: 20 µl aliquot of the supernatant after binding to 
the Ni-NTA resin. Lane 5 (Wash1): 1 µl aliquot of the resin after washing with 4×2 bed volume 
wash buffer (20 mM Tris pH 7.9; 60 mM Imidazole; 500 mM NaCl; 0.1 % Triton X-100. Lane 
6 (Wash2): 1 µl aliquot of the resin after washing with 2×2 bed volume wash buffer with an 
increased imidazole concentration of 100 mM. Lane 7 (Wash3): 1 µl aliquot of the resin after 
washing with 2×2 bed volume of 100 mM pH 8.2 HEPES buffer.  
 
Fig. 2: Panel A: The ∆N4-NColE7-6×His batch cleavage with Ni(II) ions. Lanes 2 and 3 show 
the aliquots from the supernatant and resin, respectively, before starting the cleavage reaction. 
Lane 4 shows the absence of ∆N4-NColE7 in the supernatant after 72 hours cleavage reaction, 
and lane 5 is the aliquot of the ∆N4-NColE7 bound to the resin with the predicted size after 
72 hours cleavage reaction. Panel B: SDS PAGE analysis of the elution of the cleaved ∆N4-
NColE7 protein from the resin (lane 2) using 0.5 M NaCl containing 10 mM HEPES pH 8.2 
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buffer solution in the presence of either 1 M imidazole (lanes 3 and 4) or 0.5 % SDS (lanes 5 
and 6). Lanes 3 and 5 show the band of the eluted protein in supernatant, while lanes 4 and 6 
show the band of the protein remained on the resin after the 15 minutes long elution steps. 
 
Fig. 3: The ∆N4-NColE7-6×His cleavage with Ni(II) ions in solution. Lanes 2 and 3 show the 
aliquots from the protein solution before starting the cleavage reaction and after 72 hours of 
incubation with Ni(II) ions, respectively.  
 
Fig. 4: The recorded m/z spectrum of purified N4-NColE7 (A) and the deconvoluted average 
m/z spectrum (B). 
 
Fig. 5: MS3 spectrum showing the fragmentation pattern of the selected 
[SVVTPKRHIDIHRGK]+3 precursor ion from the C-terminus of the protein. 
 
Fig. 6: The CD spectrum of ∆N4-NColE7 fitted by BeStSel program between 190-250 nm. The 
output of the estimation of secondary structure is seen in the inset. 
 
  
 22 
 
 
 
 
 
 
 
Scheme 1 
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Scheme 2. 
 
 
  
NdeI BsmBI BamHI BsmBI EcoRI SacI
5’-catatggagacgggatcccgtctctccaggcactcggaattcgagctc
M E T G S R L S R H S E F E L
 Ni(II) cleavage site
SalI HindIII NotI XhoI
gtcgacaagcttgcggccgcactcgagcaccaccaccaccaccactga-3’
V D K L A A A L E H H H H H H -
6 His-tag     Stop
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Figure 5. 
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Figure 6. 
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Highlights 
 
- The newly designed cloning site allows for expression of proteins with native sequence 
- Ni(II) induced peptide bond hydrolysis for affinity tag removal 
- Mass spectrometry proved the specificity of the proteolytic cleavage  
- CD spectrum of N4-NColE7 is characteristic for proteins with high -helical content 
 
